Intersecting D-brane worlds provide phenomenologically appealing constructions of four dimensional low energy string vacua. In this talk, a Z 4 × Z 2 orbifold background is taken into account. It is possible to obtain supersymmetric and stable chiral models. In particular, a three generation model with Pati-Salam gauge group and no exotic chiral matter is presented.
Introduction
In the last four years, intersecting D6-branes have started to play an important role in standard model constructions from type II string theory. Pioneered by 1,2,3,4,5 (See e.g. 6,7 and references therein for further works as well as 8, 9 for works in the T-dual picture of D9-branes with background fluxes), a large variety of non-supersymmetric models with chiral fermions based on intersecting D6-branes wrapping 3-cycles in an toroidal or orbifold background was constructed and the geometric interpretation of gauge and Yukawa couplings as well as proton decay was pointed out, see e.g. 10,11,12,13 for more recent work as well as 14 for threshold corrections and 15 for FCNC . In 16 the first supersymmetric model with three generations was constructed in an orbifold background T 6 /(Z 2 × Z 2 ). However, all explicitly known models based on this orbifold suffer from additional 'hidden' gauge sectors as well as exotic chiral states charged under the observable gauge group. On the other hand, the 'hidden' gauge sectors can be chosen to be confining and therefore allow for gaugino condensation which is so far the only known possible source of supersymmetry breaking 17 . Subsequently, more supersymmetric chiral models were found in the background T 6 /Z 4 18 where fractional D6-branes wrapping exceptional as well as bulk cycles occur. In this case, a three generation model with only the SM gauge group but some exotic chiral states can be constructed when taking into account the possibility of brane recombination. In this talk, the construction of supersymmetric models on T 6 /(Z 4 × Z 2 ) 19 is reformulated in terms of homology cycles, and the first three generation model with Pati-Salam gauge group and no exotic chiral states or 'hidden' gauge factors is constructed. As in 18 , a brane recombination process is required to obtain this result.
3-cycles, RR tadpole cancellation and supersymmetry
The orientifold T 6 /(ΩR × Z 4 × Z 2 ) of type IIA string theory is generated by two orbifold projectors,
where z k = x 2+2k + ix 3+2k label the internal complex coordinates. The worldsheet parity is accompanied by an antiholomorphic involution,
The orbifold action constrains the geometry to square tori T 
Each D6-brane wrapping a factorisable 3-cycle is determined by its wrapping numbers (n k , m k ) along the cycles π 2k−1 , π 2k and has an image under the Z 4 rotation,
The geometry stemming from these two contributions can be compactly rephrased in terms of the basic 3-cycles. A brane a and its image (Θa) wrap the general cycle
with the coefficients determined by the wrapping numbers 
and the image of a general cycle is
Due to the orbifold projection, there exist four different orientifold planes wrapping the following cycles 
For a more detailed description of the positions of the O6-planes in this case see also 21 . Taking also into account the dependence of the number of identical O6-planes, N O6 = 2(1 − b), on the shape of T 2 3 , the RR tadpole cancellation conditions can now be rephrased in terms of the total homology of the D6-branes compensating for that of the O6-planes,
with π O6 = The complete chiral spectrum as displayed in table 1 can easily be computed from the intersection matrix (2) and the cycles (4,5,6) without the detailed knowledge of the wrapping numbers. On the contrary, determining the non-chiral part of the spectrum requires a detailed knowledge of the wrapping numbers as can be easily seen from the number of adjoint representations arising at intersections of brane a with its image (Θa). More details concerning the non-chiral spectrum can be found in 19 .
Up to this point, the whole construction of intersecting D6-branes with chiral spectrum as displayed in table 1 and satisfying the RR tadpole cancellation conditions does not depend on whether the open string sector is supersymmetric or not. But since it is well known that non-supersymmetric compactifications require a low string scale in the T eV range whose creation through large extra dimensions is ruled out by D6-branes which do not share any common transverse direction, the search for phenomenologically interesting spectra is focused on MSSM and supersymmetric GUT model building.
In the T 6 /(Z 4 ×Z 2 ) case, the only continuous free parameter is the ratio of radii on T 2 3 . The condition that a brane a preserves supersymmetry relates this ratio with the wrapping numbers and the discrete quantity b parameterising the shape of T 
Searching for a general solution to the supersymmetry and RR tadpole cancellation conditions with phenomenologically interesting chiral spectra turns out to be a highly sophisticated problem. In the following section, a specific three generation model is presented. Note however, that this simple spectrum is only obtained after a brane recombination process in an N = 2 supersymmetric sector has taken place.
A three generation example with Pati-Salam group
Constraining the search for supersymmetric cycles to those which lie on top of some O6-plane along one two-torus leads to six different possibilities, each parameterised by a single non-trivial angle and its negative on the remaining two tori. From the tadpole cancellation conditions, it is obvious that large wrapping numbers lead to large RR charges which in turn require the existence of anti-branes in order to cancel the RR tadpoles. Therefore, it is sensible to further constrain the remaining non-trivial angle to be either 0 or π 4 . Out of the six possibilities with one non-trivial angle, four boil down to branes lying on top of some O6-plane and thus only supporting a Sp(N ) gauge group. The remaining two non-trivial kinds of cycles giving rise to U (N ) gauge factors are given by the following wrapping numbers, Table 2 . Wrapping numbers for a three generation model with Pati-Salam group.
corresponding to the cycles π A = ρ 2 − ( R1 R2 + b)ρ 4 and π B = 2π A . As a result, it is straightforward to compute the following intersection numbers,
Due to the correlation of the number of symmetric and antisymmetric representation in (9), starting with this approach it is obviously impossible to obtain some SU ( 
The chiral spectrum for each step of the symmetry breaking pattern is displayed in diagram 11. In this specific model, the sector providing the standard model Higgs particles consists of two half-hypermultiplets in (2 L , 2 R ) of SU (2) L × SU (2) R at the initial stage and decomposes into two half-hypermultiplets transforming as (2 L ) (1,−1) + (2 L ) (−1,1) under SU (2) R × U (1) B−L → U (1) Y × U (1) X . Since the electro weak symmetry breaking is expected to occur only after supersymmetry breaking, we terminate the discussion of the symmetry breaking pattern at this point. It should, however, be emphasized, that due to the symplectic gauge factors, half-hypermultiplets occur in the non-chiral sectors, whereas in a more general set-up, unitary gauge factors supply for more Higgs candidates sitting in full N = 2 hypermultiplets. Finally, let us conclude by pointing out that the set-up in table 2 fulfills the conditions on the wrapped cycles for stringy gauge coupling unification 22 . But due to the brane recombination process, a non-factorisable stack of branes occurs which hinders from calculating couplings and threshold corrections since the known results using conformal field theory apply only to factorisations into two-tori.
